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Abstract
The structural and informational content of clinical ra-
diology reports was examined to develop a comprehen-
sive representational schema of the concepts in the do-
main. The model involves several different conceptual
levels, ranging from the high level description of the re-
port to the lower level description of the clinical con-
cepts contained in the reports and the specification of
the terms used to express the concepts. The design of an
adequate structured representation for the domain has
important implications for the design of the electronic
patient record, for the unification of different controlled
vocabularies by enabling them to be mapped to one com-
mon representation, and for the facilitation of natural
language processing of clinical reports so that coded data
may be obtained.

1 Introduction

We seek to accurately represent the clinical informa-
tion in radiology reports in structured coded form for
subsequent use in computer-assisted analyses, such as
automated decision support, case coding and clinical re-
search. This paper briefly describes components of the
model we have developed for this task. One of our goals
is to develop a representational model which supports
natural language processing so that the clinical infor-
mation in the radiology reports may be automatically
structured and encoded using natural language method-
ology. However in this paper we focus on the representa-
tion issues and not on the language processing method-
ology. Another goal is to develop a model which moves
toward a canonical representation of medical terminol-
ogy so that medical terms from one controlled vocabu-
lary can be mapped into the structured representation
of medical concepts in our model. The model we are
proposing has been designed by analyzing the structure
and semantic contents of Chest Xray Reports (CXRs)
obtained from the central textual patient database at
Columbia Presybterian Medical Center (CPMC).

Other articles that discuss the management of med-
ical terminology ( [6, 10, 8, 7, 1, 2]) have focussed on
important issues such as representation of medical con-
cepts, taxonomies, knowledge, and meta-knowledge. In
this paper we focus on a structured and compositional

representation of medical concepts. When concepts are
identified by multi-word terms they usually consist of
combinations of simpler concepts. Using our model it is
possible to identify complex concepts from their simpler
components.

2 Background
The structure of information present in radiology re-
ports can be viewed at four different conceptual levels.
The first level is the representation of the structure of
the report itself. This is described in more detail in
Section 3. The second level is the representation of the
findings in the report, which have their own complex
structure of medical concepts. A finding in a report
may not necessarily correspond solely to one medical
concept, but may correspond to one concept that is as-
sociated with modifier concepts. For example, mild car-
diomegaly consists of the finding cardiomegaly modified
by a severity modifier which has the value mild.
The third level is the structure of the medical con-

cepts that make up the findings. Some of these con-
cepts may be basic lexical concepts that consist of one
word, such as infiltrate. However, other concepts consist
of combinations of several more basic medical concepts.
These combinations do not always co-occur in exactly
the same order when they appear in the text. For ex-
ample, if we were to assume that the term worsening
left pleural effusion formed a unique concept in our vo-
cabulary, it would consist of the finding concept pleural
effusion modified by a temporal concept worse, and a
laterality concept left. Our model would represent the
compositionality of the concept worsening left pleural
effusion in a structured representation so that if that
same concept (possibly occurring with additional modi-
fiers) were expressed slightly differently, as in left pleural
effusion appears worse, it would be possible to identify
the correct concept from the components. By structur-
ing the expression and by matching its structured form
against the structured forms of the concepts in our con-
trolled vocabulary, the concept worsening left pleural
effusion would be found to have a structure which is
contained in the structure of left pleural effusion ap-
pears torse. The latter expression would therefore be
mapped to the concept worsening left pleural effusion,
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with a certainty modifier corresponding to appears.
The conceptual representations describing the report

structure, the finding structure, and the medical con-
cept structure are all represented within the framework
of the Medical Entities Dictionary (MED) [6] devel-
oped at CPMC. The MED contains unique concepts
that form a semantic network which supports multi-
ple inheritance. Each concept is represented as a frame
with slots which specify predefined relations to the con-
cept. Below, we use the linear notation for Conceptual
Graphs [9] because a frame can be precisely represented
as a conceptual graph (CG) (see Appendix A. for a de-
scription of CG notation).
The fourth conceptual level is the lexical informa-

tion associated with individual words and multi-word
phrases used in the reports. The lexicon classifies terms
according to their semantic classes, but the same classes
must also be present in the MED. The lexicon also
specifies regularized forms for terms. For example,
the semantic class of both enlarged and enlargement is
Descriptor, and the regularized form for each is en-
larged. Similarly the semantic class for both heart and
cardiac is Bodyloc, and the regularized form for each is
heart. Multi-word terms are also found in the lexicon,
particularly if they occur frequently in the domain. The
multi-word term elevation of diaphragm has the seman-
tic category Rad Finding.

Because terms in the lexicon do not necessarily cor-
respond to concepts in the MED, we need a component
of the model which forms a bridge between the terms
as expressed in the text and the concepts in the MED.
This is accomplished by means of a synonym table. Al-
though each concept in the MED can specify a list of
synonyms, for convenience we maintain a separate syn-
onym table. If the regularized form of a term is not
in the MED, a synonym is provided for the term that
is equivalent to a concept in the MED. For example,
in the lexicon, dyspnea is the regularized form for the
word dyspnea, and the corresponding MED concept is
dyspnea. Therefore no entry for dyspnea is required
in the synonym table. However, there is no matching
MED concept for shortness of breath which is the
regularized form for the terms shortness of breath and
breathlessness. In this case, there would be an entry in
the synonym table for shortness of breath specifying
that dyspnea is the corresponding MED concept.

3 The Report Structure
Manual analysis of the radiology reports revealed that
they have a structure which places the concepts in a va-
riety of contexts. In these contexts, the concepts retain
their meanings but their implications for uses such as
decision support may vary. For example, a report may
indicate information given to the radiologist about the
patient, as well as observations made in the description
of the film, and interpretations based on the descrip-
tion. Findings can appear in any of these contexts and
therefore a single model is used to represent them, while

retaining the nature of the context. Concepts may also
appear in radiology reports in other contexts, as reasons
for the exam, information about the patient, the date
of the report, etc. In order to simplify the model in this
paper, these types of information have been omitted be-
low. A simplified version of the description of a CXR
structure is shown below:
[Chest Xray Report] -

(Proc Type)->[Chest Xray Proc:Q1J
(Proc Location)->[chest:Q1J
(Comp Report)->[Chest Xray Report:{*}]
(Description)->[Xray Finding Sent:{*}J
(Impression)->[Xray Finding Sent:{*}].

The Proc Type relation represents the chest xray pro-
cedure that was performed, the Proc Location relation
has the concept [chest] as its value, and the Comp Re-
port relation provides for the inclusion of a reference to
a previous report if such appears in the current report.
The final two slots, Description and Impression, cor-
respond to the two sections of radiology reports which
typically contain sentences consisting of findings. The
description of [Xray Finding Sent] shown below consists
of the original text of the report, as well as the struc-
tured finding(s). In our system, the structured finding
is the output produced by the natural language proces-
sor from the text of the report. However, structured
findings may also be produced by other means, such as
structured data entry. Our definition of Xray Finding
Sent is:
[Xray Finding Sent)-
(Text)->[String Data:Q1)]
(Structured)-> [Rad Finding Struct: Q>O).

4 The Findings Structure

Analysis of radiology findings showed them to be com-
plex arrangements of basic medical concepts. The possi-
ble permutations of radiology findings suggest that enu-
merating them would be impractical. However, the rela-
tions between concepts in each radiology finding appear
to be of a relatively small number, and the clinical con-
tent of radiology findings may be adequately structured.
The structure Rad Finding Struct, which consists of a
central finding concept with optional modifiers, is shown
below:
[Rad Finding Struct]-
(Central Finding)->[Rad Finding Struct:{*}J
(Bodyloc Mod)->[Bodyloc:{*}J
(Finding Mod)->[Modifier:{*}]
(Related Finding)->[Relational Finding:{*}]
(Evidential Proc)->[Surgical Proc:{*}]
(Technique Info)->[Technique:{*}]
(Management Info)->[Management Proc:{*}].
Radiology findings interact with each other in very

limited ways. A reference to another radiology finding
is one way in which the current radiology finding may
express a modification of a finding noted in a previous
radiology report. The information that the finding was
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noted in a previous report is represented by the Finding
Mod relation which has a modifier which is a temporal
type. The information may say that the finding was pre-
viously noted, as in markings were previously noted. In
this case, the value of temporal modifier would be pre-
vious, denoting that the concept markings occurred
in a previous report. The temporal information may
represent a change increased in a finding, as in opacity
has increased.
Another way in which radiology findings may be re-

lated is when one radiology finding suggests a second
finding (as in markings are consistent with atelectasis).
Since the second finding is not a direct observation in
the report, but rather included as related to the first
finding, the second finding is represented as part of the
description of the first. However findings which are par-
allel (as in markings and opacity noted, markings as well
as opacity noted, markings with opacity) are represented
as multiple findings on the same level. The descriptions
of the relations in Rad Finding Struct are as follows:
a. Central Finding. Represents a concept that is
the central part of the radiology finding. This may be a
complete radiology finding concept cardiomegaly, or a
descriptive concept enlarged, which is a partial finding
which together with a Bodyloc Mod forms a complete
radiology finding. A partial finding may be stored in
this slot as a result of text processing which structures
textual sentences, such as heart appears enlarged. If the
value of Central Finding is not a complete radiology
finding, by searching the compositional models for the
complex concepts that are finding concepts, it may be
possible to map the value enlarged into a complete ra-
diology finding. This is explained in detail in Section 5.
b. Bodyloc Mod. Represents the body location of
the radiology finding. Thus, if the sentence is heart ap-
pears enlarged, the Bodyloc Mod would be heart. c.
Finding Mod. In addition to finding concepts, radi-
ology findings in a report typically have modifiers con-
taining information about severity, certainty, temporal
information, and quantitative concepts. For example,
severe chronic scarring, consists of a finding scarring
which is modified by a severity concept severe and a
temporal concept chronic. d. Related Finding. A
Related Finding is another finding which relates to the
primary finding. This finding is nested in the main find-
ing because of its relation with the main one. The defi-
nition of Relational Finding is not shown in this pa-
per, but it consists of a slot whose value is a relation,
such as consistent with, and a slot whose value is Rad
Finding Struct, the structured form of the nested find-
ing. f. The slots Evidential Procedure, Technique
Information, and Management Information repre-
sent other types of information found in CXR's such as
evidence of surgical procedures (mastectomy), infor-
mation concerning technical issues related to the xray
(expiratory film), and to management type of infor-
mation (followup recommended).
Another important structure is the structure repre-

senting body locations associated with the findings. The
concept Bodyloc is as follows:

[Bodyloc) -
(Primary Loc)->[Bodyloc:{*})
(Spatial Mod)->[Spatial Relation:{*}]
(Bodyloc Mod)->[Bodyloc:{*}J
(Region Mod)->[Region:{*}]
(Position Mod)->[Position:{*}j
(Quantity Mod)->[Quantifier:{*})].

The meaning of the slots for Bodyloc are: a.Primary
Loc. Represents the primary body location or region.
In heart is enlarged, the primary loc is heart. b. Spa-
tial Mod. Represents the prepositional or adverbial
relation associated with the Primary Loc slot. If the
radiology report states opacity under left lung, the spa-
tial relation is under. c. Bodyloc Mod. Represents a
body location modifier of the primary body location. In
finger of hand, the primary location is hand, modified
by a body location finger. d. Region Mod. Repre-
sents a region modifier of the primary body location.
A region is a general area, such as upper or mid. e.
Position Mod. Represents the orientation modifier of
the primary body location. In transverse heart, the ori-
entation modifier is transverse. f. Quantity Mod.
Represents a quantifier, such as 2 in 2 fingers.
The representation of the other concepts, such as

temporal, degree, certainty, and quantity follow
the same format, but are not shown in this paper. An
example of the structured form for a finding in a CXR
is shown in Section 5.

5 The Controlled Vocabulary
The MED forms a semantic network, where inheritance
and multiple classification are standard. Every concept
in the MED is a class, which has a certain position in
the network. Following CG formalism, the hierarchi-
cal relations are listed separately from the definition of
the concepts. Below we show some of the hierarchi-
cal information and some of the concepts in the MED.
The ** indicates that the concept is lexically decom-
positional, which implies that all the words of the con-
cept are not always contiguous to each other in the re-
ports, and therefore the concept should be represented
as a complex structure consisting of relations with other
more basic concepts. Lexically simple concepts consist
solely of a name which is not decomposable. Although
we recognize that conceptual domain knowledge associ-
ated with medical concepts is critical to represent, we
are omitting this level of knowledge from our discussion
in order to concentrate on the issue of compositionality.

In describing the type hierarchy of the concepts the
following form is used: Concept2 < Conceptl. In the
above form Concept2 is a subtype of Conceptl. The
root node of the network is Medical Entity.
Chest Xray Report < Medical Entity
Rad Finding Struct < Medical Entity
Procedure < Medical Entity
Rad Finding < Medical Entity
Descriptor < Medical Entity
Modifier < Medical Entity
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Bodyloc < Modifier
cardiomegaly** < Rad Finding
enlarged < Descriptor
heart < Bodyloc
left lower lobe** < Bodyloc
Temporal < Modifier
increase < Temporal
The two lexically complex concepts that are shown are
cardiomegaly and left lower lobe. Although car-
diomegaly is one word, it is complex lexically because it
consists of two morphemes, cardio- denoting heart, and
-megaly denoting enlarged. In the reports, this concept
may be expressed as heart is enlarged or other equivalent
variant forms. Likewise, left lower lobe may occur in
the reports, as in left and right lower lobes.

Below, we represent the compositional structure of
the two complex concepts shown above. The composi-
tional representation is crucial to our model, because it
allows pieces of a concept (from a report or another con-
trolled vocabulary) which are not necessarily contiguous
to be composed to form the correct underlying concept.
(cardiomegaly)-

(Central Finding)->[enlarged)
(Bodyloc Mod)->[heart].

[left lower lobe)-
(Primary Loc)->[lobe)
(Region Mod)->[left]
(Region Mod)->[lower].

Using this schema, it would be possible to map sen-
tences such as the heart appears enlarged to the concept
cardiomegaly even though the concept does not occur
explicitly in the report. For example, the finding por-
tion of the structured form for the above sentence would
initially be as follows:
[Rad Finding Struct:#id]-

(Central Finding)-> [enlarged]
(Bodyloc Nod)->[heart]
(Finding Mod)->[appears]

Since the Central Finding and the Bodyloc Mod
relations together are equivalent to the entire struc-
tured form of cardiomegaly, the value enlarged of
the Central Finding will be changed to the concept
cardiomegaly. Similarly, if the report consists of in-
filtrate in left and right lower lobes, the structure of the
MED concepts left lower lobe and right lower lobe
would be found as the corresponding MED concepts.

6 Discussion
It is important to stress the distinction between the con-
cepts in the vocabulary and concepts used to represent
information extracted from CXR's. A finding in a re-
port is not the same as a generic concept in the MED,
but rather is an instance of a concept. In general, a par-
ticular Chest Xray Report is an instance of the generic
concept Chest Xray Report, and therefore is denoted
as [Chest Xray Report:#], and a structured finding is

an instance of the concept Rad Finding Struct and
is therefore denoted as [Rad Finding Struct:#]; the #
symbol represents that an identifier is associated with
the structure. Rad Finding Struct consists of a Cen-
tral Finding whose value is a concept which is in the
MED, along with modifiers which are in the MED. If
the value of Central Finding is part of a more com-
plex concept in the MED, it must be mapped to that
concept before being stored in the final encoded form,
which in our system would be the coded relational pa-
tient database.
The ability to map from one controlled vocabulary to

another is recognized as a critical task in Medical In-
formatics [4, 5, 11]. The components of a term could
be structured manually but that would be very time-
consuming. Because the structuring process is similar to
that of mapping natural language to a controlled vocab-
ulary, it is possible for us to perform this task automat-
ically by using the same NLP methodology that struc-
tures the radiology reports. For example, the phrase
increased paramediastinal opacity could be taken from
another vocabulary and made a unique MED concept.
It would be processed using the NLP processor to spec-
ify its compositional structure. Its structure would con-
sist of the MED concept opacity with modifiers rep-
resenting increased and paramediastinum. A vari-
ant expression which is equivalent, such as marked in-
creased opacity in the right paramediastinum would be
mapped to the MED concept increased paramedi-
astinal opacity with modifiers because its structured
form would be contained in the structure of that MED
concept. An alternative approach may not incorporate
the above complex concept into the MED. In that case
the same concept could be retrieved from the struc-
tured forms generated from the reports by searching for
a Central Finding with the value opacity, a Finding
Mod with the value increased, and a Bodyloc Mod
with the value paramediastinum.
The impression section of 8,000 chest x-ray reports

obtained from the online clinical database at CPMC
were automatically processed and mapped into the rep-
resentational model presented in this paper. Generally,
the model was complete enough to adequately represent
the information in the reports. However, some types of
information could not be represented completely. For
example, in bilateral, right greater than left, pleural ef-
fusions, there was no way to represent the information
that the effusion was greater on the right than on the
left. However, the information that there were pleural
effusions occurring on both sides could be represented.
Thus, further work should be done in order to evaluate
the model. In addition, the model should be extended
to other domains to see how extensible it actually is.
The results presented here were derived from a combi-

nation of methods, some manual and some automated.
The approach is one that combines a top-down view of
analysis of the reports and a bottom-up view to identify
the terms and their compositional structures. The re-
sulting structures represent radiology findings in a way
that is a) derivable through automated natural language
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processing, b) consistent with the requirements of our
Medical Entities Dictionary, c) consistent with the stor-
age requirements of encoded data, and d) usable by au-
tomated decision support. Most importantly, the rep-
resentational model consists of an accurate and verifi-
able structured form because it is not based on an ad
hoc structural organization of the information but on
the basic underlying semantic relations found in the do-
main. Because our approach is based on the semantics
inherent in the domain itself, the same natural language
text processing methodology that is used to process the
reports is also used to represent the structure of lexi-
cally complex terms in the controlled vocabulary, and
to translate terms from another controlled vocabulary
into our controlled vocabulary.

Other groups have also independently developed con-
ceptual models of CXR's as participants in the Har-
riman workshop [3] sponsored by the CANON group.
One of the aims of CANON is to merge the different
models into one standard model in order to facilitate
the sharing of medical terminology and clinical data.
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Appendix A
The following is a description of CG notation. In CGs

a concept is similar to a frame, and a slot is similar to a
relation. A concept is enclosed in square brackets, followed
by the relations associated with it. Each relation appears in
parentheses and is followed by an arrow (-). The slots are
indented for readability. The values that each slot can take
are specified by a domain concept that appears in square
brackets after the arrow. Thus, the general format of a con-
cept with N relations is:
[Concept] -

(Slotl)-> [Doainil]
(Slot2)-> [Douain2]

(SlotN) -> EDonainNl.
Note that the main concept is followed by a dash (-), and
is terminated by a period (.). The number of values that
a slot a permitted to have (its cardinality) is indicated by
including a constraint C following the domain name. If C
is :{*} the slot may have 0 or more values; if it is :0>1,
the slot may have 1 or more values; if it is :0<2, the slot
may have 0 or 1 values, and if it is :01, the slot must have
exactly 1 value.
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